RGS2 is a member of a family of proteins that negatively modulate G-protein coupled receptor transmission. Variations in the RGS2 gene were found to be associated in humans with anxious and depressive phenotypes. We sought to study the relationship of Rgs2 expression level to depression and anxiety-like behavioural features, sociability and brain 5-HT 1A and 5-HT 1B receptor expression. We studied male mice carrying a mutation that causes lower Rgs2 gene expression, employing mice heterozygous (Het) or homozygous (Hom) for this mutation, or wild-type (WT). Mice were subjected to behavioural tests reflecting depressive-like behaviour [forced swim test (FST), novelty suppressed feeding test (NSFT)], elevated plus maze (EPM) for evaluation of anxiety levels and the three-chamber sociability test. The possible involvement of raphe nucleus 5-HT 1A receptors in these behavioural features was examined by 8-OH-DPAT-induced hypothermia. Expression levels of 5-HT 1A and 5-HT 1B receptors in the cortex, raphe nucleus and hypothalamus were compared among mice of the different Rgs2 genotype groups. NSFT results demonstrated that Hom mice showed more depressive-like features than Rgs2 Het and WT mice. A trend for such a relationship was also suggested by the FST results. EPM and sociability test results showed Hom and Het mice to be more anxious and less sociable than WT mice. In addition Hom and Het mice were characterized by lower basal body temperature and demonstrated less 8-OH-DPAT-induced hypothermia than WT mice. Finally, Hom and Het mice had significantly lower 5-HT 1A and 5-HT 1B receptor expression levels in the raphe than WT mice. Our findings demonstrate a relationship between Rgs2 gene expression level and a propensity for anxious and depressive-like behaviour and reduced social interaction that may involve changes in serotonergic receptor expression.
Introduction
Regulators of G protein signalling (RGS) are a large family of more than 30 proteins that negatively modulate post-synaptic transmission of G-proteincoupled receptors (Hollinger & Hepler, 2002 ; Ross & Wilkie, 2000) . RGS2 is a prototypic member of the RGS family which is characterized by a 120 amino-acid RGS domain that serves as a GTP hydrolysis-activating protein, accelerating GTP hydrolysis up to 100 times compared to basal conditions (Xie & Palmer, 2007) . This domain is common to all RGS proteins. RGS2 is a member of the R4/B subfamily, is highly expressed in the brain (Traynor & Neubig, 2005) and demonstrates specificity mainly to Ga q but also to Ga i/o subunits of G protein (Ingi & Aoki, 2002 ; Ingi et al. 1998 ; Labouebe et al. 2008 ; Lomazzi et al. 2008) .
Several studies have shown association between single nucleotide polymorphisms (SNPs) in the RGS2 gene and neuropsychiatric disorders in the realm of anxiety and depression. Leygraf et al. (2006) showed association of several RGS2 SNPs with increased susceptibility to develop panic disorder and more notably panic disorder with agoraphobia. The minor (G) allele of one of these SNPs, rs4606, has been also associated with reduced expression of the RGS2 gene in human fibroblasts (Semplicini et al. 2006) . Cui et al. (2008) showed an association between several RGS2 SNPs (among them the G allele of rs4606) and increased probability to commit suicide. Several studies conducted by the Gelernter group on victims of the 2004 Florida hurricanes (Amstadter et al. 2009a, b ; Koenen et al. 2009) showed associations between the C allele of rs4606 and increased chances of developing posttraumatic stress disorder symptomatology, generalized anxiety disorder and suicidal ideation. Another study found an association between the G allele of the rs4046 SNP and increased likelihood of individuals to be characterized by anxiety-related temperament, neuroticism, introverted personality and increased limbic system activation (Smoller et al. 2008) .
These associations are supported by preclinical studies. Oliviera-dos-Santos et al. (2000) showed that male (but not female) Rgs2 knockout (KO) mice displayed significantly higher levels of anxiety in the light-dark box test and in the time taken to try a new food, and reduced aggression compared to wild-type (WT) mice. Yalcin et al. (2004) showed in a genomewide trait analysis that several genes, including Rgs18 and Rgs2 are contributing factors to anxious phenotypes in mice. Overall, the findings in humans and genetically modified mice suggest an association between increased levels of anxiety and mood disorders and genetic variation in RGS2 that leads to reduced expression. Interestingly, genetic variations related to reduced expression of the RGS2 gene have been associated with additional phenotypes, such as hypertension (Heximer et al. 2003) , reduced proliferation of B lymphocytes (Oliviera-dos-Santos et al. 2000) , and susceptibility to antipsychotic-induced parkinsonism (Greenbaum et al. 2007 (Greenbaum et al. , 2009 .
We sought to determine whether reduced expression of Rgs2 is associated with anxiety and/or depression-like features in a controlled experimental context and to examine whether serotonergic mechanisms are implicated in this association. Serotonergic receptors of the 5-HT 1A and 5-HT 1B subtype are negatively coupled to G proteins. Thus, a lower level of Rgs2 expression will result in a higher level of inhibitory tone of 5-HT 1A receptors (both presynaptic raphe receptors and post-synaptic forebrain receptors) and of 5-HT 1B receptors which are located near synaptic terminals. This increased inhibitory presynaptic tone may lead to higher basal levels of anxiety and/or depression, as suggested by previous studies connecting low levels of forebrain serotonin content with depression (Maes & Meltzer, 1995) and anxiety (Bell & Nutt, 1998) . Considering that variations in the RGS2 SNP, rs4046, are associated with alteration of the expression level of this gene in humans as well as with anxiety-related symptoms and suicide, we deemed it worthwhile to evaluate effects of modifying expression level of the Rgs2 gene on anxious and depressive-like phenotypes in an animal model. We used a mouse strain carrying a mutation that causes a reduction in Rgs2 gene expression and studied anxiety-and depression-related phenotypes in a series of behavioural tests, evaluating mice homozygous (Hom) or heterozygous (Het) for the mutation compared to WT mice from the same colony. In relation to previous studies in humans connecting the rs4046 SNP with personality attributes such as anxiety, introversion and neurotic characteristics (Smoller et al. 2008) we also sought to evaluate the relationship of Rgs2 gene level of expression with sociability. To evaluate the putative involvement of the serotonergic system in mediating the effect of Rgs2 expression levels on anxiety and/or depression, we employed 8-OH-DPAT-induced hypothermia as an in-vivo assay of the functional responsivity of presynaptic 5-HT 1A receptors. We also measured expression levels of 5-HT 1A and 5-HT 1B receptor genes in the frontal cortex, raphe nucleus and hypothalamus of animals of the three Rgs2 genotype/expression-level groups using realtime PCR.
Materials and methods

Animals
Animals were derived from a reproduction colony maintained in the Reproduction Unit of the Hebrew University Animal Facility, located in the Hebrew University-Hadassah Medical School, Jerusalem, Israel. A litter of nine C57BL6 (strain no. NIH1291#11639) mice (males and females), WT or Het for a Rgs2 gene expression reducing mutation was purchased from the Mutant Mouse Regional Resource Centers Consortium. Reproduction cages were established and offspring formed a reproduction colony consisting of three lines of reproduction cages, reproducing WT, Rgs2 Het or Rgs2 Hom mice. Offspring were weaned and separated according to gender at the age of 21 d. Male mice aged 60-90 d were used for all experiments, which were conducted according to protocols approved by the Animal Care and Use Committee of the Hebrew University and Hadassah Medical Center. The Hebrew University is an AAALAC International accredited institute. Male mice of the three Rgs2 genotype groups were subjected to the tests described below. One group of animals, consisting of mice of the three Rgs2 genotypes, was administered a behavioural test battery for anxiety/depression-like phenotypes in the following order (one test per day) : Novelty suppressed feeding test (NSFT), elevated plus maze (EPM), forced swim test (FST). An additional group of animals was used in the three-chamber sociability and novel object recognition (NOR) tests, and a third group in the 8-OH-DPAT-induced hypothermia assay.
Behavioural tests
EPM
Animals were placed on the 5r5 cm central platform of an apparatus from which four arms, 30 cmr5 cm extended. Two of the arms (the closed arms) are enclosed within 15-cm high walls, and the two other arms (the open arms) have 1-cm high rims (Painsipp et al. 2007 ; Ramboz et al. 1998) . The whole maze is elevated 75 cm above the ground. During the 6-min test time, the number of entries to each arm type (closed or open) and the time spent in each type of arm during the test were measured. Further, the ratio of the number of entries in the open arms to the entries in the closed arms, and the ratio of time spent in the open arms to time spent in the closed arms were calculated.
NSFT
In this test (David et al. 2007 ; Santarelli et al. 2001 Santarelli et al. , 2003 , which is used specifically for evaluating levels of anhedonia as a symptom of depression (GarciaGutierrez et al. 2010 ; Pang et al. 2008 ; Vollenweider et al. 2010) , animals were food-deprived for 24 h and thereafter introduced to a novel 50r50r20 cm arena with the floor criss-crossed with lines forming 10r10 cm 2 squares. A pellet of food was placed in the centre of the floor. The test terminated when the animal commenced eating or when 5 min elapsed without it doing so. During the test period, the time to commence eating (latency) and the number of lines crossed (calibrated to 5 min maximal test duration) were measured, in order to ensure that this parameter does not confound group differences in latency to feed. Lines crossed were defined as either circumference lines (those that are part of the rectangles bordering the walls of the arena) or central lines, and the ratio between the circumference and the centre was calculated. After the test, the animal was returned to its home cage where a weighed pellet of food was placed and the amount of food consumed by the animal over the next 10 min was measured.
FST
Each animal was placed in a 21 cm (diameter)r46 (height) cm Plexiglas cylinder (Cryan et al. 2001 ; Lucki et al. 2001 ) filled with 15 cm water at 25 xC for a 6-min test period. The activity of the animal was rated at 5-s intervals as active (swimming) vs. inactive (immobile). The time elapsed from the introduction of the animal to the water tank until the first appearance of immobility (latency) was also measured (Saavedra et al. 2006) . After testing, animals were dried, warmed and returned to their home cages.
Three-chamber sociability test
This is a test for sociability and preference for social novelty (Nadler et al. 2004) . The social testing arena, made from transparent Plexiglas, is rectangular and three-chambered. Each chamber is 20r40r22 cm. Dividing walls contain rectangular openings allowing passage between chambers. The chambers of the arena are cleaned before testing each animal. This test is composed of three phases, conducted consecutively, without intermission :
(1) Habituation. The test mouse is first placed in the middle chamber and allowed to explore freely for 10 min. The openings into the two side chambers are closed by plastic lids during this habituation phase (Nadler et al. 2004 ). (2) Sociability evaluation phase. After habituation, an unfamiliar male WT mouse (stranger 1) that has had no prior contact with the test mouse is placed in one of the side chambers. The stranger mouse is enclosed in a small (6r6r10 cm) rectangular wire cage which allows nose contact through the bars but prevents fighting. The animals serving as strangers are previously habituated to placement in the small cage. An identical empty wire cage is placed in the opposite side chamber. A weighted cup is placed on top of the wire cages to prevent climbing by the test mouse. Both openings between chambers are open in this phase so the test mouse is allowed to explore the entire social test arena for the 10-min session. The amount of time spent in each chamber and the number of entries into each chamber are monitored (Crawley, 2007 ; Moy et al. 2009 ).
(3) Preference for social novelty phase. At the end of the previous 10-min phase, the test mouse is tested in a second 10-min session in order to quantify social preference for a new stranger (stranger 2). A second unfamiliar male WT mouse (stranger 2) is placed into the previously empty wire cage. The test mouse has a choice between the first, already investigated mouse (now familiar stranger 1), and the novel unfamiliar mouse (new stranger 2). As described above, time spent in each chamber and number of transitions between the chambers of the apparatus are recorded for 10 min.
NOR test (Bevins & Besheer, 2006) In this test all sessions involve the presentation of two objects made from plastic (4r3r2 cm) that are placed in opposite corners of a solid-walled arena (50r50r30 cm). Olfactory cues are removed from the objects by cleaning them and the test environment between mice. On the first habituation trial, mice are exposed for 10 min to a pair of identical objects and these objects constitute the 'familiar ' objects for the test. In the actual test trial, 1 h later, a single familiar object is placed next to a novel object for 5 min test duration. Total time spent with each object is scored during the 5-min test time. Time spent with an object includes direct visual orientation towards an object while being within 2 cm of that object, and sniffing, touching or climbing on the object. Recognition scores are calculated by subtracting the time spent with the familiar object from the time spent with the novel object. Positive scores signify recognition of the novel object, negative scores indicate preference for the familiar object and scores approaching 'zero ' denote preference for neither object. Another parameter that was calculated for each animal, as a measure of evaluating level of preference for a novel object, is the discrimination index, defined in the novel object recognition test as :
time spent with novel object ! x time spent with familar object ! total time spent in the test with the two object :
Functional evaluation of 5-HT 1A autoreceptor activity : 8-OH-DPAT induced hypothermia Animals' rectal temperature was taken daily for 3 d, in the morning (09:00-11:00 hours), using a Thermalert TH-5 digitalized thermometer with special P. R. probe for mice, before the 8-OH-DPAT [(¡)-8-hydroxy-2-(dipropylamino)tetralin) ; Sigma, Israel)] challenge.
On the day of the experiment, each animal's basal body temperature was measured again. 8-OH-DPAT (1 mg/kg s.c.) was administered and the temperature was measured after 45 min. The difference between the average of four basal body temperature measurements and post-8-OH-DPAT injection temperature was defined as 8-OH-DPAT-induced hypothermia. The experiment was performed in a temperature-controlled environment with the ambient temperature held constant at 22 xC (Meller et al. 1992) .
Real-time PCR
Animals were killed using veterinary Pental solution, and their brains were surgically removed and dissected on ice. Cortex, hypothalamus and midbrain raphe tissues were separated and immersed each in 1 ml RNAlater solution (Ambion, USA), and stored at x70 xC until required. Thereafter, samples were thawed and total RNA was extracted using RNAquous Micro kit (Ambion), followed by DNAse kit (Ambion) treatment. Total RNA concentrations per sample were determined by Nanodrop ; from each sample, 10 ml was converted, using a High Capacity cDNA Reverse Transcription kit (Applied Biosystems, USA) to a total 20 ml cDNA sample. 
5-HT 1A/B and Rgs2 gene expression studies
Initially, a two-way ANOVA with Rgs2 genotype group and brain area as between-group factors was conducted separately for each studied gene (across the three Rgs2 genotype groups and all brain areas) to validate the existence of an overall main effect of genotype or brain area or an interaction between these two factors. Then, in each brain area (cortex, raphe nucleus, hypothalamus), and for each specific gene (5-HT 1A receptor, 5-HT 1B receptor, Rgs2), a one-way ANOVA was performed for expression data from the three Rgs2 genotype groups to detect an overall Rgs2 genotype effect. Post-hoc NK tests were performed to evaluate differences in expression between Hom or Het vs. WT mice and between Hom vs. Het mice.
Results
Behavioural tests EPM
A one-way ANOVA for time spent in maze open arms (Fig. 1 a) 
NSFT
One-way ANOVA analysis of motor activity (lines crossed during the NSFT procedure, calibrated to 5 min maximum test time) did not show differences between Rgs2 genotype groups (F 2,17 =0.5, p>0.6). In contrast, one-way ANCOVA (Fig. 2a ) demonstrated a significant Rgs2 genotype effect (F 2,14 =6.86, p<0.008) on latency to feed in the NSFT. The ratio of circumference lines/centre lines, crossed in the arena during the test (Fig. 2b ) also showed a significant Rgs2 genotype effect (F 2,14 =6.86, p<0.008). Since this parameter reflects a potentially confounding contribution of anxiety to group differences in latency to feed, it was used as a covariate in the above analysis. NK post-hoc tests showed a significantly longer latency for Hom vs. WT (p<0.01), and Het (p=0.003) mice. No difference in latency to feed was found between Het and WT mice (p>0.2). No group differences were found in post-test home cage consumption (F 2,17 =2.4, p>0.12).
FST
One-way ANOVA for immobility (Fig. 3 ) demonstrated a significant overall effect of Rgs2 genotype (F 2,17 =4.07, p<0.03). NK post-hoc test showed that Hom mice were significantly more immobile than Het mice (p<0.029), while a trend for such a difference was found between Hom and WT mice (p<0.08). Immobility time of Het mice did not differ from that of WT mice (p>0.31).
Three-chamber sociability test
In the second, sociability evaluation phase of the threechamber sociability test, no Rgs2 genotype group differences were found for time spent with stranger mice (F 2,21 =1.05, p>0.36) or for time spent in the empty cage (F 2,21 =1.8, p>0.18). However, in the preference for social novelty phase (third phase of the test, Fig. 4 
Rgs2 genotype groups
Rgs2 Hom mice, n = 6
Rgs2 Het mice, n = 7
WT mice, n = 7 † 
8-OH-DPAT-induced hypothermia
One-way ANOVA for the 8-OH-DPAT-induced hypothermia data (defined as the difference between average basal rectal temperature and temperature 45 min post-8-OH-DPAT administration (Fig. 5 a) One-way ANOVA for each brain area for 5-HT 1A and 5-HT 1B receptor gene expression
In the cortex (Fig. 5 a) there was a trend for 5-HT 1A receptor gene expression to be higher in Hom mice compared to WT and Het mice but the overall difference among the genotype groups did not reach statistical significance (F 2,28 =3.03, p<0.06). There was no genotype effect for cortical expression of the 5-HT 1B receptor gene : (Fig. 6 a, middle bars) (F 2,27 =0.358, p>0.701). In the raphe nucleus there was a highly significant overall effect of Rgs2 genotype on expression of the 5-HT 1A receptor gene : (Fig. 6 b, left bars, F 2,18 =11.47, p<0.0006). NK post-hoc tests showed that expression levels of WT mice were higher than Het mice (p<0.003) and Hom mice : (p<0.0005). No significant difference was found between Het and Hom mice in raphe expression levels of 5-HT 1A receptor gene (p>0.4). There was also a significant effect of Rgs2 genotype on 5-HT 1B receptor expression in the raphe nucleus (Fig. 6b, than Het mice (p<0.0005) and Hom mice (p<0.0006). There was no significant difference between Het mice and Hom mice (p>0.4). In the hypothalamus there was no significant Rgs2 genotype effect on 5-HT 1A (Fig. 6 c, left bars) (F 2,28 =2.28, p>0.1) or 5-HT 1B receptor gene expression (Fig. 6 c, middle bars), (F 2,26 =2.75, p<0.08).
One-way ANOVA analyses for each brain area for Rgs2 gene expression
As expected, expression analysis of the Rgs2 gene in mice of the three genotype groups showed significant differences among the genotypes in expression level of Rgs2 (Hom<Het<WT) in all brain areas studied [cortex (Fig. 6 a, right 
Discussion
We conducted a study on the effect of reduction in expression levels of the Rgs2 gene on anxiety and depression-like phenotypes in genetically modified mice. We anticipated that lower Rgs2 expression would be associated with higher levels of anxiety and depression-like features on the behavioural tests that were implemented. The hypothesis was supported by the experimental findings, confirming the results of prior animal studies on Rgs2 KO mice (Oliviera-dosSantos et al. 2000 ; Yalcin et al. 2004) and extending them to additional behavioural paradigms such as the FST, a functional assay for raphe 5-HT 1A presynaptic autoreceptor activity levels (8-OH-DPAT-induced hypothermia) and expression studies of 5-HT 1A and 5-HT 1B receptor genes in several brain areas, in relation to varying Rgs2 expression levels. The findings provide a putative neurobiological mechanism for the association of variants in the RGS2 gene with anxiety manifestations in humans (Amstadter et al. 2009a, b ; Cui et al. 2008 ; Koenen et al. 2009 ; Leygraf et al. 2006) , suggesting that these variants may influence (reduce) expression of RGS2 or may be in linkage disequilibrium with functional variants that have this effect. Novel findings from our study are the effect of Rgs2 expression level on depression-like manifestations and sociability. In the NSFT, a test used to evaluate the anhedonia aspect of depression (modelled by latency to feed) (Garcia-Gutierrez et al. 2010 ; Pang et al. 2008 ; Vollenweider et al. 2010) , mice homozygous for a mutation that decreases Rgs2 expression displayed significantly higher levels of depression-like features (increased latency to feed) compared to Het and WT mice. A trend for a similar relationship was also observed in the FST immobility time results. In the social novelty preference phase of the three-chamber sociability test (phase 3 of the test), Het and Hom mice spent significantly less time with the novel (number 2) stranger mouse than WT mice. This finding suggest a reduced drive for social novelty among mice with reduced levels of Rgs2 gene expression compared to WT mice, similarly to introversion, defined by low levels of sociability and avoidant behaviour, found in G allele carriers of the RGS2 rs4046 SNP in humans (Smoller et al. 2008) .
Our finding that alteration of Rgs2 expression level is accompanied by changes in serotonergic receptor expression is a further novel aspect of the current work and may account for the anxiety and depressionlike behavioural findings in Rgs2 mutant mice. Brain expression levels of 5-HT 1A and 5-HT 1B receptors showed a highly significant reduction in the raphe nucleus of Hom and Het mice compared to WT mice. The functional implication of reduced 5-HT 1A receptor expression in the raphe is a stronger serotonergic inhibitory tone in Het and Hom mice compared to WT mice as a consequence of absence of Rgs2 postreceptor shutdown of raphe inhibitory 5-HT 1A/B receptor signalling. Down-regulation of inhibitory 5-HT 1A and 5-HT 1B receptors would appear not to be sufficient to compensate for the reduction in serotonergic transmission, as evident in higher levels of anxiety/depression-like features in Het and Hom mice compared to WT mice. Increased serotonergic inhibitory tone is in line with the finding that basal body temperature in the mutant mice was lower than in WT mice. This could explain the 8-OH-DPATinduced hypothermia results which showed a lesser degree of hypothermia in Hom and Het mice compared to WT mice, possibly due to homeostatic thermoregulatory mechanisms preventing a decrease of temperature in the mutant mice to a life-threatening level.
Our findings provide evidence for an association between reduction of expression level of the Rgs2 gene and a concomitant increase in anxiety and depressionlike behaviours as well as reduction in social noveltyseeking in mice. Results from the EPM paradigm, showed that WT mice were significantly less anxious than Het or Hom mice with some indication (time spent in open arms) for an even a higher level of anxiety among Hom mice than Het mice. With regard to depression-like features, the NSFT showed that Hom mice stood out in comparison to Het and WT mice in displaying higher levels of depression-like features.
A trend for such a relationship was also suggested by the FST immobility time results. This suggests that a greater reduction of Rgs2 expression level may be required to generate an elevation in depression-like features compared to the reduction required to generate a comparable elevation in anxiety-like features. These behavioural results concur with those of Oliviera-dos-Santos et al. At present, the findings of this study are primarily descriptive and no mechanistic insights into how Rgs2 expression levels affect 5-HT 1A and 5-HT 1B receptor function are provided. Future aims of this research include radioligand-binding assays of specific agonists of 5-HT 1A and 5-HT 1B receptors to provide information on how Rgs2 expression level affects the density and affinity of these receptors in addition to their expression levels. At the behavioural level, it would be interesting to study Rgs2 genotype effect on behavioural and functional paradigms after administration of antidepressant or anxiolytic drugs affecting serotonergic targets such as raphe presynaptic 5-HT 1A and 5-HT 1B receptors (Kreiss & Lucki, 1995) . We hypothesize that desensitization of these receptors by pharmacological agents will be less effective in Het and more marked in Hom mice than in WT mice, due to the absence of Rgs2 post-synaptic signal transduction inhibition.
RGS2 is an interesting candidate gene for anxiety and depression (Amstadter et al. 2009a, b ; Cui et al. 2008) and was found to be expressed in brain areas important in the pathogenesis of these disorders, such as the hippocampus, amygdala, cerebral cortex, hypothalamus and raphe nucleus (Ingi & Aoki, 2002 ; Ingi et al. 1998 ; Neubig & Siderovski, 2002 ; Traynor & Neubig, 2005) . Rgs2 KO mice demonstrated increased excitability in CA1 neurons in the hippocampus (Oliviera-dos-Santos et al. 2000) . Furthermore, the RGS2 rs4046-G allele was associated with increased limbic activity (as measured by functional MRI) in the amygdala and the insular cortex in humans (Smoller et al. 2008) .
The focus of the current work was on the serotonergic system. However, RGS2 has been found to modulate the signalling of other neurotransmitters involved in anxiety and depression. Taymans et al. (2003 Taymans et al. ( , 2004 ) demonstrated up-regulation of Rgs2 expression following administration of dopamine D 1 receptor agonists and dopamine D 2 receptor antagonists, and down-regulation following administration of D 1 antagonists or D 2 agonists. Rgs2 affects adrenergic neurotransmission through inhibition of a-and b-adrenergic receptors (Chakir et al. 2011 ; Hague et al. 2005 ; Wang et al. 2005) . Involvement of RGS2 in regulating cholinergic muscarinic receptor signalling (M 1 , M 3 , M 5 receptors) has also been described (Bernstein et al. 2004 ; Tuomi et al. 2010) .
RGS2 expression was found to be up-regulated by interventions that affect anxiety and depression such as haloperidol, raclopride, risperidone and electroconvulsive shock (Ingi et al. 1998 , Robinet et al. 2001 Taymans et al. 2003 Taymans et al. , 2004 . In this respect, Han et al. (2006) found that RGS2 increases hippocampal synaptic plasticity due to increased neurotransmitter release. It does so by abolishing presynaptic G i/o mediated inhibition. Similar changes of hippocampal synaptic plasticity occur in depression (decrease) and changes in the opposite direction occur after antidepressant treatment (Kozisek et al. 2008 ; Nissen et al. 2010) . These molecular studies indicate the potential role of RGS2 activity level in fine-tuning and modulation of neurotransmitter systems that are involved in anxiety and depression. They underscore the importance of future studies in which it will be evaluated, using Western blot or ligand-binding techniques, whether mRNA group differences found for the Rgs2, 5-HT 1A and 5-HT 1B genes extend also to the protein level.
Our finding regarding a modulatory role of RGS2 in determining levels of anxiety and depression-like features in mice are concordant with those of genetic association studies in humans. The rs4046 SNP, positioned in the 3k untranslated region of RGS2, is related to expression levels of this gene (Semplicini et al. 2006) , as well as to anxiety and depression. Smoller et al. (2008) found the rs4046 G allele to be associated with risk for social anxiety, introversion and altered brain activity while Cui et al. (2008) found this allele to be a risk factor for suicide. However, in studies conducted by the Gelernter group (Amstadter et al. 2009a, b ; Koenen et al. 2009 ) and Leygraf et al. (2006) , the risk allele in SNP rs4046 of the RGS2 gene for various anxiety and depressive symptoms was found to be the C allele. Due to the association of rs4606 G allele with increased social anxiety and introversion (Smoller et al. 2008) , we deemed it worthwhile to study the relationship of the different Rgs2 genotype groups in mice to preference for social novelty using the three-chamber sociability test (Crawley, 2007 ; Nadler et al. 2004) . We found that in stage 3 of the test (preference for social novelty), Het and Hom mice spent significantly less time with the newly introduced stranger (stranger 2) compared to WT mice. This finding suggests a relationship between reduced levels of Rgs2 gene expression and social dysfunction. Therefore, it will be of interest to study genetic association of this and other variants within RGS2 with sociability phenotypes among humans.
To conclude, our data support the role of RGS2 in anxiety, depressive and sociability phenotypes and point to involvement of the serotonergic system in these effects (although no mechanistic insights are provided as yet). Future molecular studies, focusing on the relation of RGS2 to function of the serotonergic as well as to other neurotransmitter systems in health and disease are warranted.
